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ABSTRACT 
FACTORS AFFECTING BEHAVIORAL VARIATION OF 
INDIVIDUAL GLAUCOUS-WINGED GULLS 
(LARUS GLAUCESCENS) WHILE ON TERRITORY 
by 
Michael Murdoch 
Factors affecting the patterns of behavior of 
individual Glaucous-winged Gulls •(Larus glaucescens) on 
Protection Island, Jefferson County, Washington were 
examined. Males were found to be present on territory often 
than females. Proportions of behavior varied by time of 
season. Gulls tended to be more alert (used upright and 
intermediate-upright displays) during the "chick" stage than 
earlier in, the season. Attendance rates were very similar 
between individuals of the same gender, and a significant 
correlation was found between the attendance rates of 
members of a pair. However, sequences of territorial 
behavior varied significantly between genders. 
STTY 01317AIN 
LOMA LINDA. CALIFORNIA 
LOMA LINDA UNIVERSITY 
Graduate School 
FACTORS AFFECTING BEHAVIORAL VARIATION OF 
INDIVIDUAL GLAUCOUS-WINGED GULLS 
(LARUS GLAUCESCENS) WHILE ON TERRITORY 
by 
Michael Murdoch 
A Thesis Submitted in Partial Fulfillment 
of the Requirements for the Degree Masters of 
Science in Biology 
June 1993 
Each person whose signature appears below certifies that 
this thesis in their opinion is adequate, in scope and 
quality, as a thesis for the degree Masters of Science. 
Chairperson 
Josh G. Galusha, Professor of Biology 
Leonard R. Brand, Professor of Biology 
Ron Carter, Professor of Biology 
ACKNOWLEDGEMENTS 
I wish to express genuine gratitude to all those which 
had a part in the preparation of this thesis. Special 
thanks go to Dr. Joe Galusha, my major professor, for his 
counsel and consistent encouragement over the last two 
years. To Drs. Ron Carter and Leonard Brand, members of my 
committee, I express appreciation for their editorial 
comments in the preparation of this thesis. 
I thank the Fish and Wildlife Service for permission to 
conduct research on Protection Island National Wildlife 
Refuge. Finally, I wish to thank my parents, for without 
their support and encouragement, this project would not have 
been possible. 
111 
TABLE OF CONTENTS 
LIST OF FIGURES 	• • • • ••••0 • 	••• 	• 
LIST OF TABLES . . • • • 	• • • • 	• • • • 	. • 	• 	vi 
INTRODUCTION • •••• • • • - -• 	• • • . 	1 
METHODS • • • . . . . • • - 	.- • - • . • 	• • 	6 
Study Species • .• • - . . • - • • • 	• • • 	6 
	
Study Area • • • • • - . • - - • • • . • • • 	6 
Methods • • ••••• • • -. . - • . • .• • 	7 
RESULTS • . • • • • • • • •••• . ••• . • • • • . • 	13 
Attendance on Territory During "Pair-Bond" Stage • 	13 
Behavior Variation Between Genders • . . • • • • • 	26 
Seasonal Behavior Differences . • • • 0 0 - • . 	26 
Individual Behavior Variation . • • • • • . • • • 	36 
Behavior Sequences . • . • . •••• • • • • . . • 	41 
DISCUSSION . . • . • ••• • ••••• • • . . • • • • 	55 
Gender Differences . • • • ••• ••• • • • . • • 	55 
Seasonal Differences . . • . . . • • • • • . • . . 	55 
Individual Differences • • • ••• • • • •• . • • 	58 
Behavioral Organization • . . • • • • • . • . • • 	60 
LITERATURE CITED • 	• • • • • . • • • • • • • 	62 
iv 
LIST OF FIGURES 
Figure 	 Page 
1. Map of Protection Island National Wildlife 
Refuge, Jefferson County, Washington and 
position of study site on Violet Spit . 	• • • 	8 
2. Relative attendance rates during "pair-bond" 
stage for male and female residents . 	• • • . 	14 
3. The proportion of time spent on territory by 
resident gulls during "pair-bond" stage for 
the three periods of day . . . 	. . . . 	. . . 	16 
4. A comparison of attendance patterns by gender for 
three periods of day . . 	• • • • • • . . • • • 	18 
5. The relative attendance rates of (a) nine males 
	
and (b) nine females during "pair-bond" stage • 	20 
6. Correlation of the attendance rates of members of 
pairs with each other 	.••••.•••••• 	22 
7. Rates of territory attendance during the "pair-
bond" stage by number of resident gulls 
present . . 	 • 	24 
8. Comparison of behavior on territory during "pair- 
bond" stage by male and female residents . . • . 	27 
9. Comparison of resident gulls' behavior during two 
parts of the breeding season . . 	• 	• • 	. . 	29 
10. Comparison of the resident gulls' behavior during 
(a) the "pair-bond" stage and (b) the "chick" 
stage during three periods of day . 	• • • . 	31 
11. A Comparison of gull behavior displayed by 
residents with chicks and those without chicks 
during the chick phase of the breeding season • 34 
12. A Comparison of the behavior of four males during 
the "pair-bond" stage . • • . • • • . • . • • • 	37 
13. A Comparison of the behavior of four females 
'during the "pair-bond" stage . . 	• • • • . • • 	39 
14. Summary of frequently occurring transitions and 
significant transitions between commonly 
occurring behaviors of Glaucous-winged Gulls 
on their breeding territories during the 
"pair-bond" stage •-••.•••••••• 	42 
15. Summary of frequently occurring transitions and 
significant transitions of male Glaucous- 
winged Gull behaviors during "pair-bond" stage . 44 
16. Summary of frequently occurring transitions and 
significant transitions• of female Glaucous-
winged Gull behaviors during "pair-bond" stage . 46 
LIST OF TABLES 
Table 	 Page 
1. Frequency of transition to certain behaviors in 
"other" category • •••••••••• 	• 	49 
2. Frequency of transition to certain behaviors in 
"other" category • • • • • . • • . • . . . • • 	51 
3. Frequency of transition to certain behaviors in 
"other" category . . • . . . • • • • • • • . • 	53 
INTRODUCTION 
The existence of territoriality in gulls (Genus Larus) 
has long been of interest to students of animal behavior, as 
well as ornithologists. Tinbergen (1956) described 
territorial behavior as any aggressive interaction used to 
defend a living area. Later, Wilson (1975) characterized 
territory as "an area occupied more or less exclusively by 
an animal or group of animals by means of repulsion through 
overt defense or advertisement" (p. 256). Much of the 
agonistic behavior of gulls has been interpreted as defense 
of territory (Tinbergen 1959). 
In gulls, territories are usually initiated by males, 
but defended by members of both genders (Tinbergen 1953; 
Vermeer 1963; Burger 1984). While on territory, resident 
gulls often declare their ownership by use of various threat 
and territorial displays which cause avoidance and retreat 
by intruders (Galusha 1975; Stout 1975). 
In the now classic works, The Herring Gull's World  
(Tinbergen 1953) and "Comparative Studies of the Behaviour 
of Gulls (Laridae): A Progress Report" (Tinbergen 1959), 
the behavior of Herring Gulls used in defense of territory 
was carefully described. Though many different behaviors 
were performed, each was interpreted to be appropriate for a 
specific circumstance. Some behaviors were thought of as 
being more aggressive than others. Thus, an actual intruder 
would be reacted to more aggressively than a potential 
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intruder. This idea was confirmed by Burger (1984) who 
showed that resident Herring Gulls showed variable responses 
to intruders. The social behavior of Glaucous-winged Gulls 
(Larus glaucescens) is known to be very similar to that of 
Herring Gulls (Vermeer 1963). The actual function of many 
of the displays used on the territory has been descriptively 
and experimentally documented (Moynihan 1958; Galusha 1975; 
Stout 1975; Amlaner and Stout 1978). 
Differences in behavior by gender have been shown for 
several species of gulls. Southern (1981) reported that 
during the incubation and pre-fledgling period, male Ring-
billed Gulls (Larus delawarensis) exhibited more aggressive 
behavior than did females. Similar results were obtained by 
Butler and Janes-Butler (1983) for Great Black-backed Gulls. 
Furthermore, male Glaucous-winged Gulls during the pre-
laying period are more aggressive than females (Reid 1988) 
and are involved in more border clashes than are females 
(Vermeer 1963). Basically, male gulls seem to be more 
defensive of territory than do females. 
Patterns of gull behavior throughout the daytime hours 
have been carefully studied. Galusha and Amlaner (1978) 
showed that the frequency of rest, sleep, preen and other 
behaviors was related to time of day in a colony of Herring 
Gulls, with sleep and rest showing the greatest variation. 
In Lesser Black-backed Gulls (Larus fuscus), Delius (1970) 
3 
found that behavior, such as courtship activity, varied with 
time of day as well. Exactly how or why these behaviors 
varied is not known. 
The behavior of gulls has also been shown to vary with 
stage of reproductive cycle. Burger (1984) reported that 
the rates of aggression were highest during the pre-egg-
laying stage and around hatching. In Glaucous-winged Gulls, 
Opp (1983) studied the effect of reproductive stage on 
behavior. Since the study was done late in the season, the 
pre-egg stage was experimentally simulated by removal of 
eggs from nests. It was shown that resident gulls are more 
vigilant during the incubation and chick phases than at 
other times of the breeding season. This is attributed to 
parental investment (Pierotti 1981). 
Vermeer (1963), in his comprehensive study of the 
breeding ecology of Glaucous-winged Gulls (Larus 
glaucescens), mentions that pair formation occurs primarily 
on the breeding territory. This means that attendance on 
territory would be important for establishing territory as 
well as forming pair-bonds. Hunt and Hunt (1976) found the 
main source of chick mortality was from attacks from adult 
conspecifics. Thus in order to be successful parents, gulls 
ought to monitor their chicks' activities to keep them away 
from neighboring gulls. 
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Individual differences in behavior have been studied 
for a variety of animals. Armitage (1986) showed 
differences in the number of social interactions, such as 
greeting and allogrooming, in individual Yellow-bellied 
Marmots. Black-capped Chickadees display individual 
differences in aspects of their winter foraging rates (Van 
Buskirk and Smith 1989). Such measures as foraging interval 
(the time between foraging motions) and flight rate (the 
number of flights per minute) were demonstrated to be 
different between individual birds. Hatch (1990) has shown 
individual variation in attendance on territory before 
laying in Northern Fulmars (Fulmarus glacialis). However, 
no work on variableness of territorial behavior or 
attendance rates has been done for individual Glaucous-
winged Gulls. 
Delius (1969) investigated the sequential organization 
of behavior in Skylarks. His main focus was the 
relationship between behaviors in preening bouts and the 
probability of each behavior following each other behavior. 
Brown (1967) studied the association in time of certain 
courtship behaviors in Lesser Black-backed Gulls. A link 
between "Greeting Ceremony," courtship feeding and 
copulation was found. Non-random sequences of behavior used 
in resident-intruder interactions have been well studied in 
Glaucous-Winged Gulls (Hayward et al. 1977). These 
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sequences of behavior are suggested to be an important 
element in the communication process of this species. 
Schwab and Stout (1991) showed that the intruders perceived 
tenacity (or threat) had a direct effect on the resident-
intruder interaction. 
The behavior of Glaucous-winged Gulls (L. glaucescens) 
during the "pair-bond" stage and the "chick" stage of the 
reproductive cycle was studied. The specific objectives of 
this study were to: (1) investigate possible gender 
differences in behavior while on territory, (2) examine 
possible diurnal patterns of behavior, (3) determine 
variations in behavior during the stages of the reproductive 
cycle, and (4) investigate individual variability in 
territorial attendance and behavior by resident gulls. 
METHODS 
Study Species 
Glaucous-winged Gulls breed in colonies from the Bering 
Sea to northwest Oregon and winter south to Japan and 
northwest Mexico (Clements 1991). Members of this species 
feed on fish and intertidal invertebrates (Veitch and Booth 
1954; Irons et al. 1986), but also scavenge from garbage 
dumps (Opp 1983). Physically, many species of gulls, 
including Glaucous-winged Gulls, display an observable 
sexual size dimorphism with the male being larger than the 
female (Veitch and Booth 1954; Ingolfsson 1969; Pierotti 
1981: Butler and Janes-Butler 1983; Burger 1984). Vermeer's 
(1963) study of Glaucous-winged Gulls on Mandarte Island, 
B.C. showed a mean clutch size of 2.82 ± .02 eggs (p. 52). 
These eggs are olive or tan colored with brown spots which 
provides camouflage (Veitch and Booth 1954). Incubation of 
the eggs takes about 27 days and is shared about equally by 
both genders (Vermeer 1963). 
Study Area 
This study was conducted in a breeding colony of 
Glaucous-winged Gulls on Protection Island National Wildlife 
Refuge, Jefferson County, Washington (48°08'N, 122°55'W), 
during the months of March, April, and July 1992. 
Approximately 6,800 pairs of gulls nest on this 140 hectare 
island (Galusha et al. 1987). The study area was actually 
located on Violet Point, which extends off the northeast 
side of the island, where a majority (approx. 70%) of the 
gulls nest (Fig. 1). 
Methods 
A 1.2m X 1.2m X 1.2m plywood blind located on a 1.8m 
high scaffolding was situated to overlook a 30.5m (100 ft.) 
X 24.01 (80 ft.) area of the spit. This area was composed 
of bare earth and sparse vegetation, which was predominately 
quack grass (Agropyron repens) and gumweed (Grindelia 
integrifolia). A grid consisting of forty-six centimeter 
(18 in.) surveying stakes located at 6.1m (20 ft.) intervals 
aided in locating resting gulls and their nest sites to 
within a half meter on a map of the study area. 
Territory boundaries were determined by repeatedly 
recording the iodation of disputes between residents on a 
map of the study area for several weeks. Tinbergen (1953) 
and Stout (1975) report that episodes of grass pulling 
regularly occur at territory boundaries. Because 
territories change with the time of season (Burger 1980, 
1984), territory maps were made at the beginning of the 
study (March 30-April 1) and at the end of April. The 
location of •environmental landmarks (eg. bushes, rocks, 
sticks), which could facilitate the locating of gulls were 
also included on the map. 
Figure 1. Map of Protection Island National Wildlife Refuge, 
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Data were collected during the "pair-bond" stage (March 
30-April 29) when the gulls were still establishing 
territories for the breeding season and during the 'chick" 
stage (July 29-31) when most pairs had hatched eggs and were 
caring for their young. 
Behavioral observations were made during three watches 
of approximately three hours duration during the daylight 
hours (0600-2000 hours, PDT), Sunday through Friday. The 
watches were spread over daylight hours, so all times of day 
were covered about equally. Later, observation times were 
lumped into one of three periods; morning (0600-1000), 
midday (1000-1600), and evening (1600-2000). 
During the "pair-bond" stage, attendance records were 
taken for both members of nine pairs, which were selected 
primarily because of proximity to the blind and ease of 
observation. Attendance, defined as presence on territory, 
for each of these residents was noted at thirty-minute 
intervals during each watch. Individual gulls were 
identified by the territory each occupied, as well as by 
variations in individual marking (cracks in the beak, dark 
wing tips, etc.). The gulls were sexed by observations of 
copulations, the female being the one that was mounted. 
For most of the watch, the behavior of individual gulls 
on the study area was carefully described during 15-minute, 
continuous timings. The focal individual was watched and as 
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it performed behaviors, a corresponding computer key was 
pressed, and a computer record accumulated a file of what 
the individual was doing for the 15-minute record. The 
following gull behaviors were recorded: rest, sleep, preen, 
upright, intermediate-upright, long call, choke, mew, head-
toss, grass-pull, and "other" (for a description of these 
behaviors see Tinbergen 1959 and Stout 1975). An "other" 
category was used to describe such postures and displays 
(e.g., stretching, courtship feeding, poking at the ground) 
which occurred very rarely. Sixty-seven and one-half hours 
of timing data were collected during the "pair-bond" stage. 
Four pairs, which could be observed easily, were eventually 
chosen for detailed behavioral description of individuals 
during the "pair-bond stage" (58.5 hours of data). Only 
four pairs were used so a large sample of 15-minute timings 
could be obtained for each individual. During the "chick" 
stage, five and a half hours of timing data were collected, 
split about equally between those residents still with 
chicks and those residents without chicks. 
Chi square analysis (Siegel and Castellan 1988) of the 
attendance records for both members of nine pairs of 
resident gulls were analyzed to find if attendance varied by 
gender, time of day, individual and/or pair. 
The continuous 15-minute timings data were analyzed by 
sampling at 99-second intervals (longer than the average of 
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any of the behaviors), except for the purpose of analyzing 
difference in behavior of gulls with chicks and those 
without, which was sampled at 33-second intervals for better 
resolution (increased n). The data for the"pair-bond" 
stage was analyzed to determine if the frequency of certain 
behaviors varied by gender, time of day, and/or individual. 
For the "chick" stage, variations in behavior among the 
three different times of day and between residents with 
chicks and those without chicks were determined. 
The continuous timing data collected during the "pair-
bond" stage were further analyzed to find if sequences of 
behavior were present in the population as a whole, and if 
it varied by gender. The number of times each behavior was 
followed by another was tabulated. Common transitions (>15% 
of the transitions from one behavior) were identified and 
significant trends were then determined by chi square 
analysis. 
RESULTS 
Attendance on Territory During "Pair-Bond" Stage 
Glaucous-winged Gulls spent 65.5% of daylight hours on 
their territories during the "pair-bond" stage. Males spent 
significantly more time on territory than did females (Fig. 
2; x2=13.1; d.f.=1; p<.05). Figure 3 shows that gulls spent 
less time at midday and more time at evening on their 
territories than during the morning (x2=272.4; d.f.=2; 
p<.05). However, There was no significant difference in the 
attendance pattern by gender in the three daily periods 
(Fig. 4; x2=0.28; d.f.=2; p>.05). 
Figure 5 shows the attendance rates of nine males and 
nine females from the study area. Male D was present more 
frequently (x2=7.0; •d.f.=1; p<.05) and male H less 
frequently (e=14.5; d.f.=1; p<.05) than the others. Two 
females where present significantly more often (A; x2=5.3; 
d.f.=1; p<.05 and D; x2=4.0; d.f.=1; p<.05), and two females 
significantly less often (B; x2=6.8; d.f.=1; p<.05 and H; 
x2=12.7; d.f.=1; p<.05) than the others. Interestingly, 
there was a strong positive correlation between the 
attendance rate of male and female members of the same pair 
(Fig. 6; r2= 0.9128; d.f.=7; p<0.05). 
Rates of territory attendance by number of members 
present are shown in Figure 7. Both members of pair H were 
present significantly less than chance would predict 
(x2=4.5; d.f.=1; p<.05). Pair B had only one member present 
13 
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Figure 2. Relative attendance rates during "pair-bond" stage 
for male and female residents. The asterisk (*) indicates 
the attendance rates are significantly different between 


















Figure 3. •The proportion of time spent on territory by 
resident gulls during "pair-bond" stage for the three 
periods of day: morning (n=60 sample periods)= 0600-0959, 
midday (n=48 sample periods)= 1000-1359, and evening (n=61 
sample periods)= 1600-1959. Midday is less than morning 
which is less than evening (x2=272.4, d.f.=2, p<0.05). 
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Figure 4. A comparison of attendance patterns by gender for 
three periods of day. Morning (n=60 sample periods)= 0600-
0959, midday (n=48 sample periods)= 1000-1359, evening (n=61 
sample periods)= 1600-1959. There was no significant 
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Figure 5. (a) The relative attendance rates of nine males 
during "pair-bond" stage (n=169 sample periods). A plus 
sign (+) indicates attendance rates which are significantly 
greater than the others (Male D x2=7.0, d.f.=1, p<0.05); A 
minus sign (-) indicates attendance rates which are 
significantly less than the others (Male H x2=14.5, 
d.f.=1,p<0.05). (b) The relative attendance rates of nine 
females (n=169 sample periods). A plus sign (+) indicates 
attendance rates which are significantly greater than the 
others (Female A x2=5.3, d.f.=1, p<0.05; Female D x2=4.0, 
d.f.=1, p<0.05); A minus sign (-) indicates attendance rates 
which are significantly less than the others (Female B 
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Figure 6. Correlation of the attendance rates of members of 
pairs with each other. There was a significant relationship 
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Figure 7. Rates of territory attendance during the "pair-
bond" stage by number of resident gulls present (n=169 
sample periods). A plus sign (+) indicates attendance rates 
which are significantly greater than the others (p<0.05); A 
minus sign (-) indicates attendance rates which are 
significantly less than the others (p<0.05). When one 
resident was present, the male was present significantly 
more often than the female (x2=72.0, d. f.=1, p<0.05). 
A B CDE F GH 
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statistically more often than expected (e=9.7; d.f.=1; 
p<.05), while pair C had only one member present 
significantly less often than expected (e=5.9; d.f.=1; 
p<.05). When only one member of a pair was present, it was 
significantly more often the male (e=72.0; d.f.=1; p<.05). 
Pair H was absent significantly more often than the other 
pairs (x2=11.2; d.f.=1; p<.05). 
Behavior Variation Between Genders 
A comparison of proportions of behavior by males and 
females during the "pair-bond" stage is shown on Figure 8. 
Females rested significantly more than did males (e=7.5; 
d.f.=1; p<.05), while all other behaviors were not 
significantly different between the two genders. 
Seasonal Behavior Differences 
The behavior of resident gulls varied significantly 
between the "pair-bond" and "chick" stages (Fig. 9; x2=127; 
d.f.=5; p<.05). The behavior was more active during the 
"chick" stage, as can be seen in the shift toward upright 
and intermediate-upright behaviors. 
Differences in the frequencies of behavior for the 
"pair-bond" stage of the breeding season are shown on Figure 
10a. Sleep behavior was significantly more frequent during 
the midday (x2=37.6; d.f.=1; p<.05), and was less frequent 
27 
Figure 8. Comparison of behavior on territory during "pair-
bond" stage by male and female residents (total observation 
time= 67.5 hrs.). The asterisk (*) indicates the frequency 
which was significantly different between genders (male n= 
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Figure 9. Comparison of resident gulls' behavior, during two 
parts of the breeding season (total observation times: 
"pair-bond" stage= 67.5 hrs. and "chick" stage= 5.5 hrs.). 
An asterisk (*) indicates frequencies which are 
significantly different between the two stages of season 
("pair-bond" stage n= 2416; "chick" stage n= 195; Sleep 
x2=39.3, d.f=1, p<0.05; Preen x2=6.8, d.f=1, p<0.05; 
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Figure 10. (a) Comparison of the resident gulls' behavior 
during the "pair-bond" stage during three periods of day 
(total observation time= 67.5 hrs.): morning (AM; n= 990)= 
0600-0959, midday (MID; n= 464)= 1000-1359, evening (PM; n= 
962)= 1600-1959. A plus sign (+) indicates behaviors which 
occurred significantly more than the others (p<0.05); A 
minus sign (-) indicates behaviors which occurred 
significantly less than the others (p<0.05). (b) Comparison 
of the resident gulls' behavior during the "chick" stage 
during three periods of day (total observation time= 5.5 
hrs.): morning (AM; n= 216)= 0600-0959, midday (MID; n= 
155)= 1000-1359, evening (PM; n= 216)= 1600-1959. A plus 
sign (+) indicates behaviors which occurred significantly 
more than the others (p<0.05); A minus sign (-) indicates 
behaviors which occurred significantly less than the others 
(p<0.05). 
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in the evening (x2=15.1; d.f.=1; p<.05). Rest did not vary 
during these three periods of day. Preen was significantly 
greater in the morning (x2=8.8; d.f.=1; p<.05) and 
significantly less during the midday than in the evening 
(X2=22.5; d.f.=1; p<.05). "Other" behavior was infrequent 
(<5%) throughout the day, but significantly greater during 
the evening (x2=4.8; d.f.=1; p<.05) than during the other 
two periods of day. 
Figure 10b shows the patterns of behavior during the 
"chick" stage with regard to time of day. Sleep occurred 
significantly more often during the morning (x2=16.2; 
d.f.=1; p<.05), but less during midday (x2=3.9; d.f.=1; 
p<.05) and evening (e=5.5; d.f.=1; p<.05) than chance would 
predict. Preen occurred significantly more often during 
midday (x2=3.9; d.f.=1; p<.05), but less during the evening 
(x2=7.5; d.f.=1; p<.05) than in the morning. 
Figure 11 compares the behavior of territory owners 
that have chicks with that of those who do not have chicks 
during the "chick" phase (July). The behavior patterns of 
the two groups were significantly different (x2=178.0; 
d.f.=5; p<.05). Gulls which did not have chicks were 
observed to sleep and rest more often than those with 
chicks, while those without chicks were seen in alert 
postures (intermediate-upright and upright) more often 
34 
Figure 11. A comparison of gull behavior displayed by 
residents with chicks and those without chicks during the 
chick phase of the breeding season (total observation time= 
5.5 hrs.; no chick n= 270; have chick n= 317). An asterisk 
(*) indicates frequencies which are significantly different 
(Sleep x2=17.6, d.f=1, p<0.05; Rest x2=76.7, d.f=1, p<0.05; 







































BEHAVIOR DURING CHICK PHASE 
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than those with chicks, indicating an increased state of 
alertness. 
Individual Behavior Variation 
Patterns of behavior varied significantly among four 
males (Fig. 12; x2=240.0; d.f.=15; p<.05). Male A was 
observed in "rest" more often (x2=22.8; d.f.=1; p<.05), 
while male C was observed to sleep significantly more often 
(x2=59.8; d.f.=1; p<.05) than the others. Male D was more 
active, performing preen (x2=14.1; d.f.=1; p<.05), 
intermediate upright (x2=20.3; d.f.=1; p<.05), upright 
(x2=4.8; d.f.=1; p<.05), and "other" (x2=7.0; d.f.=1; p<.05) 
significantly more often than the other three males. 
The frequencies of behavior of four females studied was 
significantly different from one another (Fig. 13; x2=215.4; 
d.f.=15; p<.05). Female A used the rest posture 
significantly more often (x2=25.6; d.f.=1; p<.05). Female B 
and C slept more often (X2=5.7; d.f.=1; p<.05 and x2=46.7; 
d.f.=1; p<.05, respectively) than the others. Female D was 
seen in the intermediate upright (x2=36.0; d.f.=1; p<.05) 
and upright (x2=10.4; d.f.=1; p<.05) significantly more 
frequently than the other three. 
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Figure 12. A comparison of the behavior of four males during 
the "pair-bond" stage (total observation time= 29.1 hrs.; 
Male A n= 256; Male B n= 256; Male C n= 264; Male D 
n= 265). An asterisk (*) indicates frequencies which are 
significantly greater than the others (Male A: Rest 
x2=22.8, d.f=1, p<0.05; Male C: Sleep x2=59.8, d.f=1, 
p<0.05; Male D: Preen x2=1.4.1, d.f=1, p<0.05; Intermediate-
upright x2=20.3, d.f=1, p<0.05; Upright x2=4.8, d.f=1, 









Figure 13. A comparison of the behavior of four females 
during the "pair-bond" stage (total observation time= 29.4 
hrs.; Female A n=267; Female B n= 268; Female C n= 259; 
Female D n= 259). An asterisk (*) indicates frequencies 
which are significantly greater than the others (Female A: 
Rest x2=25.6, d.f=1, p<0.05; Female B: Sleep x2=5.7, d.f=1, 
p<0.05; Female C: Sleep x2=46.7, d.f=1, p<0.05; Female D: 



















Figure 14 is a summary of the frequently occurring 
transitions (>15% of totals) and significantly occurring 
transitions (x2>3.86) of behavior associated in time during 
65 hours of observation time of 14 gulls during the "pair-
bond" stage. As represented by the varying size of the 
diameter of circles, rest, intermediate-upright, and upright 
postures were moved between most often. The other behaviors 
were moved between less often than these three. 
From the rest posture, gulls usually moved to 
intermediate-upright, preen or sleep postures. From the 
intermediate-upright posture, gulls frequently moved either 
back to rest or on to the upright posture, the latter 
posture probably suggesting greater alertness. From the 
fully upright posture, gulls moved to mew, preen, 
intermediate-upright, or "other" more often than chance 
would predict. Choke followed mew a significant amount of 
time. Choke was followed by upright and intermediate-
upright postures. Gulls preceded to mew, upright, or 
intermediate-upright from long call significantly. 
Figures 15 and 16 summarize common transitions (>15% of 
totals) and significantly occurring transitions (X2>3.86) of 
males and females, respectively. The pattern of female 
circles varies significantly from the males (x2=25.8; 
d.f.=8; p<0.05). Rest is considerably larger in the female 
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Figure 14. Summary of frequently occurring transitions and 
significant transitions between commonly occurring behaviors 
of Glaucous-winged Gulls on their breeding territories 
during the "pair-bond" stage (total number of transitions 
analyzed= 4871). An asterisk (*) indicates transitions 
which occur more often than chance would predict. The 
diameter of circles represents the relative abundance of 
transitions to that behavior (1mm= 1%); arrows point in the 
direction of transition and their widths represent relative 
frequency of transitions (1mm= 10%). Intermediate-upright 










Figure 15. Summary of frequently occurring transitions and 
significant transitions of male Glaucous-winged Gull 
behaviors during "pair-bond" stage (total number of 
transitions analyzed= 2356). An asterisk (*) indicates 
transitions which occur more often than chance would 
predict. The diameter of circles represents the relative 
abundance of transitions to that behavior (1mm= 1%); arrows 
point in the direction of transition and their widths 
represent relative frequency of transitions (1mm= 10%). 
Intermediate-upright is abbreviated I-UP. 
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Figure 16. Summary of frequently occurring transitions and 
significant transitions of female Glaucous-winged Gull 
behaviors during "pair-bond" stage (total number of 
transitions analyzed= 2515). An asterisk (*) indicates 
transitions which occur more often than chance would 
predict. The diameter of circles represents the relative 
abundance of transitions to that behavior (1mm= 1%); arrows 
point in the direction of transitions and their widths 
represent relative frequency of transitions from one 



















summary (e=9.1; d.f.=1; p<0.05), while long call (x2=5.9; 
d.f.=1; p<0.05) and "other" (x2=10.0; d.f.=1; p<0.05) are 
larger in the male. 
Transitions varied by gender. Males performed the 
transition from "other" to intermediate-upright 
significantly more often than the females (e=21.4; d.f.=1; 
p<0.05), while females performed the transition from rest to 
preen (x2=4.6; d.f.=1; p<0.05) significantly more often than 
did the males. 
Table 1 shows the transitions to the behaviors in the 
"other" category for males and females. Male moved to 
grass-pull significantly more often than females (x2=45.7; 
d.f.=1; p<0.05), whereas females moved to head-toss 
significantly more often than males (x2=45.9; d.f.=1; 
p<0.05). This is best seen in the following two examples. 
Table 2 shows that when gulls transition from intermediate-
upright to "other", males move significantly to grass-pull 
(x2=19.0; d.f.=1; p<0.05), while females move to head-toss 
(x2=11.7; d.f.=1; p<0.05). The same trend is found when the 
transitions from upright to "other" are investigated (Table 
3). Males move to grass-pull significantly more often than 
females (x2=15.2; d.f.=1; p<0.05), while females move to 
head-toss significantly more often than males (e=12.1; 
d.f.=1; p<0.05). 
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Table 1. Frequency of transition to certain behaviors in 
"other" category. 
50 






















Table 2. Frequency of transition to certain behaviors in 
"other" category from intermediate-upright . 
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Table 3. Frequency of transition to certain behaviors in 
"other" category from upright. 
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During the "pair-bond" stage male gulls were observed 
on their territories more often than females (Fig. 2). This 
may be because the males serve as primary defenders of 
territory (Vermeer 1963; Tinbergen 1956; Pierotti 1981). 
They need to be present not only to defend the territory 
from intruders, but also to prevent neighbors from annexing 
part of the residents' territory. On the other hand, 
females might be away because they are 1) still looking for 
another mate, 2) less bonded to the territory site than are 
males, 3) still being chased off by males occasionally, or 
4) spending more time off territory feeding than males in 
order to produce healthy eggs. 
Seasonal Differences 
Hunt and Hunt (1975) reported that Glaucous-winged 
Gulls were more aggressive during the chick phase of the 
breeding season than during other times of the year. The 
comparison of behavior patterns between the "pair-bond" and 
"chick" stages of this study supports this finding (Fig. 9). 
As can be seen, the gulls are more alert or aggressive 
(found in intermediate-upright and upright more often) 
during the "chick" stage than during the "pair-bond" stage. 
This may be due to parental defense of the chicks since, 
during the "chick" stage, the pairs with chicks displayed a 
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much more alert behavior pattern than those without chicks 
(Fig. 11). During the "pair-bond" stage, gulls may be less 
vigilant due to lower parental since there are no eggs or 
chicks present to protect. As the season progresses, the 
parental investment increases until peaking later in the 
season when the chicks are moving about the territory (Kilpi 
1987). The parents with chicks should then be more alert 
since they are protecting their reproductive investment 
which, at this stage in the season, is quite great. 
During the "chick" stage the occurrence of sleep is 
much less common than earlier in the season (Fig. 9). Also 
at this time, sleep is observed significantly less than 
expected during midday rather than being observed more often 
than expected as in the "pair-bond" stage (Fig. 10b). This 
change with season could be the result of the large numbers 
of gulls panting, which is normally done in the 
intermediate-upright posture, during the midday hours due to 
the increased summer temperatures (pers. obs.). This 
hypothesis is supported by the larger amount of 
intermediate-upright posture in the chick stage than the 
"pair-bond" stage when the temperature is much cooler. 
During the 'pair-bond" stage, sleep was significantly 
greater during midday than the other two periods of day 
(Fig. 10a), which is similar to the results shown by Galusha 
and Amlaner (1978) for Herring Gulls. However, this study's 
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results are contrary to those reported by Opp (1983), who 
showed a dramatic decrease in the occurrence of sleep during 
midday for Glaucous-winged Gulls. This apparent 
contradiction might be explained by the experimental 
methodology used by Opp. Gulls from his "pre-egg" stage were 
those which had had their eggs "experimentally" removed 
during incubation to reset their breeding cycle. If gulls 
lose their eggs or chicks after a certain point of the 
season, they may not try to raise another brood that season. 
This study suggests that the apparent lack of sleep in Opp's 
"pre-egg" group may be a result of the time of season rather 
than time of breeding cycle, since the sleep pattern for 
Opp's "pre-egg" stage seem to fit this study's "chick" stage 
results. 
"Other" behavior was observed at a significantly 
greater level in the evening during the "pair-bond" stage 
than other parts of the day (Fig. 10a). This could be due 
to the gulls performing higher levels of courtship or 
territorial behaviors (eg. head toss, long call, mew, 
choke), as shown by Pearson (1992), as well as a 
significantly large number of gulls being present in the 
colony (Opp 1983), causing the residents to defend their 
territories more aggressively. These results are similar to 
the results of Conover and Miller (1980) for Ring-billed 
Gulls, except a higher level of aggressive behavior was 
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found in the morning rather than evening, which was also 
suggested to be a result of defending territory. 
Individual Differences 
Attendance rates of individual male and female gulls 
did not vary from others of the same gender, except for a 
few cases (Fig. 5). This suggests that gulls have a minimal 
rate of attendance needed to maintain their territories, 
which are critical for their reproductive success. Without 
a territory, the gulls would have no place to nest or raise 
their young. 
A majority of the time during the "pair-bond" stage, 
both members of a pair were either present or absent 
simultaneously (Fig. 7). Although it was not possible to 
know if the members of a pair were together when off 
territory, it is assumed that was the case because of 
observations of pairs flying off and returning together. 
During this stage of the breeding season when pair bonding 
is occurring, this would be expected, since the two members 
of the pair would need to spend time together in order to 
form a tight pair-bond. A strong pair-bond can increase the 
pair's reproductive success (Coulson 1966). Reid (1988) 
felt the effect of improved coordination of behaviors was 
one reason for increase in reproductive success of the pair. 
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Pair B had only one member present on territory 
significantly more often than the other pairs (Fig. 7b), 
which suggests this pair was not as well pair-bonded as the 
others. Later in the season, such behavior could severely 
affect the success of raising young by leaving the eggs and 
chicks unattended for long periods of time (Hunt 1972). 
Both members of pair H were absent significantly more than 
the others. This probably means they were more attached to 
each other than either was to the territory. It might be 
that these were young birds (first-time breeders), which 
have been shown to spend less time on territory (Coulson and 
White 1958). This decreased time on territory could explain 
why young or unexperienced gulls have decreased reproductive 
success (Pyle et al. 1991; Murphy et al. 1992). 
Glaucous-winged Gulls display individual variation in 
behavior patterns on territory during the "pair-bond" stage 
(Figs. 12 and 13). These different behavior patterns may 
reflect differing strategies in obtaining high reproductive 
success. A gull needs to balance the costs of aggressive 
behavior with the benefits which are received from this 
aggression. This can be illustrated by the size of buffer 
that a gull keeps between it and its neighbors. Defending a 
small buffer requires less time and energy, which could be 
used for other factors effecting reproductive success, but a 
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small buffer can have a negative effect on reproductive 
success of the gull (Hunt and Hunt 1975). 
Behavioral Organization 
In Glaucous-winged Gulls, certain behaviors follow 
other behaviors more often than chance would predict (Fig. 
14). Resident gulls usually move to more aggressive postures 
when circumstances dictate, and to more passive behavior to 
calm down after aggressive interactions. 
The males' behavioral sequence is different from the 
females' (Figs. 15 and 16). This could be due to 
differential motivational states, the male being more 
aggressive. The males significant transitions from 
intermediate-upright to "other" and back again (fig. 15) can 
be explained as being a result of territory defense. Males 
move from intermediate-upright to grass-pull, which i 
included in the "other' category, significantly more often 
than females. This transition, which involve an increase in 
aggression, has been shown to be involved in territory 
defense (Hayward et al. 1977). However, the females' 
transition from intermediate-upright to "other' can be 
attributed to courtship behavior, since females move 
significantly more often than males from intermediate-
upright to head-toss, which is included in the "other" 
category. These transition could be the reason for the 
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females' transition from "other' to rest, since rest would 
be a more logical behavior to follow head-toss. 
The lack of a significant transition from sleep to long 
call in the males' sequence pattern (fig. 15) is attributed 
to a small number of transitions associated with long call. 
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